
NO. 989.--“ Description of the  Works, recently  executed,  for the 
Water Supply of Bombay, in  the  East Indies.” By HENRY 
CONYBEARE, M. Inst. C.E. 

EVER since t.he establishment of overland communication with 
Hindostan, Bombay has been characterized in  India as the L rising - 
presidency j’ and  the population of its capital has, of late years, 
increased in a more rapid ratio, than  that of any other city  in  the 
old world. In  1883, the population was  onIy 254,000; in 1850, 
it  had increased to 556,000; and in 1855, it was estimated by the 
local  government at  670,000. This  rapid increase in the popu- 
lation, and in the importance of Bombay, is due to the  advantages 
of its geographical position, as  the  nearest point of contact with 
Europe  (Plate 12, Fig. 1) ; and also to the excellence of its har- 
bour-one of the finest in the world-resembling, in its con- 
figuration, the  harbour of New York. (Plate 12, Fig. 2.) Its  
importance and population will be  still  further increased, in an 
incalculable. ratio, by the completion of the  great  trunk lines of 
railway now in progress, and which converge on the  harbour of 
Bombay, from all points of the interior. 

Hitherto  it has  laboured under  the grievous disadvantage of 
being cut off from the productive districts of the interior, by an 
abrupt mountain chain, presenting  towards the coast a mural 
escarpment 2,000 feet in height, and designated the  ghaut, or 
‘ stairs,’ from the  character of the only tracks by which it was 
formerly ascended. Though  running parallel  to  the western coast, 
at an average distance, inland, of only forty miles, this chain 
forms the water  shed of the  entire peninsula, and  presents a barrier 
to commerce, that has not hitherto been pierced by a single trunk 
road, economically practicable  throughout for wheeled carriages. 
The railways now in course of construction will  cross this barrier 
at  two points, thus tapping, most effectually, the extensive and 
productive back country lying beyond, and sweeping all  the pro- 
duce of the interior  into the warehouses of Bombay. The lines in 
progress will, in a few years, connect Bombay with the sister 
capitals of Madras, Calcutta, and  Agra ; with the  great cotton 
districts of Guzerat to the  north, of Candeish and  Berar to the 
north-east and east, and of Dharwar  to  the south-east ; with the 
coal and  grain districts of Goondwana and  Central  India ; and, 
eventually, with the  line-of  the  Indus  and  the  Punjaub. 

The  water supply of Bombay had always been as deficient in 
quantity, as it was  bad in quality ; ,and as the population thus 
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rapidly  increased, the deficiency became occasionally so grievous, 
and  the  recurrence of the visitations, locally known as water- 
famines, so frequent, as  to occasion the most serious alarm, both 
to the Government and to the public. It was evident, that a total 
failure  in  the supply, and  the consequent death of tens of thou- 
sands, by absolute  thirst, was by no means  an impossible con- 
tingency, in the event of the  recurrence of any failure of the 
periodic  rains, as severe as some that  had occurred when the popu- 
lation of Bombay was scarcely a. quarter of its present  amount. 
‘In seasons of scarcity,  water was imported  into Bombay, in boats 
and steamers, from the Island of Elephanta,  and  the resources 
of the railway were taxed to the utmost, in bringing in a still 
greater  quantity from Salsette.’ 

The  Island of Bombay is situated in the midst of the  great 
basalt formation of Western  India. It is formed by two low, 
wooded ranges of basalt, seven or eight miles long, running  nearly 
parallel, at a distance of about two miles apart, and enclosing be- 
tween  them  a clay flat, generally below the level of the highest tides. 
A t  their  northern  and southern  extremities, these parallel ranges are 
united, by raised  beaches of sand (now forming a littoral concrete), 
rising but a few feet above the  sea level ; and each of these raised 
beaches forms the  margin of a land-locked bay,  fringed by cocoa- 
nut plantations. These  natural boundaries were formerly breached 
by the  sea  in several places, and  the space they enclosed, com- 
prising about three-fourths of the present area of the island, was 
consequently a salt-water lagoon. The breaehes have, for many 
years  past,  been  made good by embankments  and sluices, and  the 
lagoon thereby converted into a -salt marsh, which is covered with 
fresh water every rainy season, and is thus being gradually  brought 
into  rice cultivation. The Island of Bornbay has been connected 
with the adjoining islands of TTombay and Salsette (from  which it 
is only separated by a mangrove marsh), by .three eauseways ; and 
a railway bridge now unites  the  latter island to the continent, of 

On the occasion of turning  the  first sod for  these  works, ‘Lord Elphinstone 
(the  Governor of Bombay)  spoke as follows :-“ It  is now many  years  since  the 
attention of the  Government  has been turned  to  the deficiency .of the  water 
supply,  a deficiency which  is  easily  accounted for, when it is  remembered, that 
we  depend  entirely  upon  tanks of very  limited  extent,  and  that  our  population 
has quacirupled itself  within  the  last  forty  years.  In 1816, i t  was 161,000; in 
1833, 254,000; in 1850, 556,000; and at this  rate of increase, it  is a t  present 

population of 160,000, is altogether  inadequate  for  one of nearly 700,000, and  this 
estimated at  670,000. I t  is  evident,  that a supply  which  would be ample for a 

is  found  by  the  increasing  frequency of those  most  disastrous  visitations,  known 
at Bombay as water-famines.  These  cruel  visitations  prove  also  the utter 
inadequacy  of  temporary  expedients,  even upon the  largest scale, organized 

last  great  scarcity was felt,  not  only  was  water  imported  to  Bombay  in boats, and 
under officers of experience,  and  at  the  cost  of  Government. In  1854, when the 

brought  in  from  Salsette, hy railway." 
by  steamers  from  the  island  of  Elephanta,  but a still  larger  quautity  was  daily 

_- 
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India.  From 80 inches  to 100 inches of rain fall annually at 
Bombay between the  10th of June  and  the 20th of September,  the 
remaining eight months and a half being without rain. 

Under such geological and hydrographical conditions, a supply 
of water from springs was not to be expected. The population of 
Bombay was, consequently, mainly dependent for water during nine 
months out of the twelve on the  rain  caught,  during  the monsoon, 
in old quarries, and  other shallow excavations, which, being  situated 
in the midst o f  a peculiarly dense and  dirty population, became so 
thoroughly  contaminated, as the  dry season advanced, that a 
charge “ for  clearing  dead fish from the  tanks ” was an item of 
annual recurrence  in the accounts of the municipality. It is 
evident, that water so impure as to kill the fish it contained, could 
not  be  drank with impunity ; and  there is no doubt, but  that  the 
annual prevalence of cholera at Bombay, towards the close of the 
dry season, was mainly due  to the extreme pollution of the only 
water the lower classes could then obtain. The Registrar- 
General’s Report for 1850, affords conclusive testimony, as to the 
connection between cholera and impure drinking  water  in  London ; 
Dr. Gavin also states,  that “ the connection between foul drinking 
water and cholera is established by irrefragable evidence.’’ 

The first project for  increasing the  water supply of Bombay, by 
means of surface collection in  the adjacent high grounds  (ob- 
viously the only practicable plan in  the case of Bombay), is due  to 
Colonel Sykes, late Chairman of the  Honourable  the East India 
Company. H e  proposed, nearly thirty years ago, to collect and 
impound the rain-water falling on the high ground at  the south- 
western extremity of the Island of Bombay. This would, at  that 
time, have afforded a most valuable addition  to the  water supply, 
but now it would be altogether inadequate. Colonel Sykes’ plan 
was revived by Colonel Jervis  in 1845, but without any  material 
alteration. The second feasible scheme was that of the  late 
Mr. Rivett, who proposed to bring  the water collected and stored 
in the high grounds of the adjacent Island of Trombay. In  1846, 
Major Crawford, of the Bombay Engineers, pointed out  the capa- 
bilities of the Valley of the  Goper,  in  the adJoining Island of Sal- 
sette. This is obviously the  natural,  and  the only adequate, 
source, for the water supply of Bombay, by means of surface col- 
lection. When a town is to  be supplied with water on this system, 
and by gravitation, the valley, or valleys, debouching in the neigh- 
bourhood should be  traced upwards, until some natural basin is 
found, at a sufficient elevation above the town, in  which an ade- 
quate body of water may be collected and impounded, in storage 
reservoirs, by a moderate amount of embanlring. The only valley 
answering these conditions, in the neighbourhood of Bombay, is that 
of the Goper. The parallel ranges which, together with the  salt 
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marsh  they enclose, constitute  the  Island of Bombay, are merely 
prolongations of the boundary ranges of the Valley of the  Goper ; 
so that when swollen with floods, the  waters of that  stream 
used formerly to  enter  the  salt marshes of Bombay, through  the 
breaches that  then existed in the  northern embankments, and tra- 
versed the whole length of the island, on their way to the sea.’ 
The central plateau of Salsette, which is drained by the  Goper  and 
it.s affluents, is bounded and intersected by ranges of hills, amongst 
which the occurrence of favourable sites for the storage of water 
might  be certainly  predicated. 

The Goper scheme lay dormant, with the others,  until  the  water 
famine of 1851. Lieutenant De  Lisle was then instructed  to  make 
a preliminary survey of the valley ; and soon after,  the question 
was  referred to  the  Author, whose report on ‘‘ the  amount of 
the existing  water supply of Bombay, and  the various means 
which had been proposed, or might be adopted,  for  increasing 
it,” was published by the Bombay government. The conclusion 
arrived a t  was, that  the Valley of the  Goper was the only possible 
source whence an adequate supply could be obtained. It was 
recommended, that detailed  contour surveys should be made, with 
the view  of determining  the capacity of whatever eligible sites for 
water storage  it afforded ; and  that plans and estimates should be 
prepared,  to  ascertain the cost of rendering a supply from this 
source  available  to the population of Bombay. The course, thus 
recommended, was adopted by the Government, and  the  Author 
was selected as the  Engineer, to  prepare the surveys and estimates, 
and to  design and execute the works. 

The quantity of water  required  for the supply of Bombay was 
estimated a t  four thousand million of gallons  annually. A t  the 
rate of twenty  gallons  per head  per  day, this supply would indeed 
only suffice for a population of half a million, and  the popula- 
tion of Bombay was estimated at nearly 700,000; but, it was 
argued,  that  the proposed supply would be in addition to that 
derived from existing sources, and  that  there were peremptory 
pecuniary  reasons for keeping down the outlay, as much as 
possible. On  the other  hand, it was admitted,  that  the  extra- 
ordinarily rapid  rate at  which the population was increasing., 
rendered  it imperative, that  the works should be designed with a 
special view to the necessity of their  future extension, as  the popu- 
lation increased. 

On  referring  to  the plan (Plate 12, Fig. 3), it will be seen, 
that  the  high ground, in which the  Goper takes its rise, affords five 
admirable sites for storage reservoirs ; two  of  which, the basins of 
Vehar  and of Poway, are  as  large as lakes. The most northern 

Ede “ Hamilton’s Gazetteer.” 
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of these reservoir sites is in the immediate neighbourhood of the 
celebrated cave temples of Kenerry, at  the head of an adjoining 
valley ; so that  it will have to he connected with the  Goper series of 
reservoirs, by a short length of syphon main. Of these basins, 
that of Vehar is the most capacious ; but a measurement of 
the gathering-grounds, and contour surveys of the basin, were 
necessary, to determine whether the former was adequaie to the 
collection, and the latter sufficiently capacious for the storage, of 
the  annual water supply required, and also at  what cost the supply, 
that  might  be so afforded, could be made available for public use. 
The result of such investigation satisfied the Author, that  the 
Vehar basin was adequate  to the collection and storage of  a11 the 
water that could be required for some years, and  the works, for 
water  storage, were t.herefore confined, in the first instance, to the 
construction of this single artificial lake. It was,  however, ar- 
ranged,  that while these works were in progress, contour surveys 
of the other reservoir sites should be  carried out, so as to  determine 
to what  extent, and  at what cost, the supply might be, at  any time, 
increased, by the construction of any one, or of all of them. 

I t  was essential, that  the rainfall, annually available from the area 
of the gathering grounds,  should exceed, by a safe margin, the 
annual consumption, waste, and loss from evaporation, but  there 
was no objection to the capacit,y of the  storage reservoirs exceeding 
the available  rainfall of a  single year. On  the contrary, it was 
most desirable that  the st.orage reservoirs should be made as capa- 
cious as possible, in  order to  contain  a reserve, sufficient to  meet 
the contingency of a deficient monsoon. 

I t  was assumed, that six-tenths of the  annual rainfall  on the 
Vehar gathering-grounds  might be considered available for the 
supply of the  storage reservoirs. The  area draining  into the 
Vehar basin, above the sites of the impounding dams, is 3,948 
acres ; if necessary, this area  might be  enlarged  to 5,500 acres, 
by the extension of catchwater  drains  along the western slopes of 
the hill boundary, both to the west and on the  north of the 
reservoir. 

The mean annual rainfall, at the level of the sea, at  Tannah, 
five miles and a half distant from the  Vehar gathering-grounds, is 
124 inches. It is well  known that,  at high levels, the rainfall is 
greater  than over comparatively low-lying districts. The mean level 
of the  Vehar gathering-grounds is a t  least 300 feet above the sea ; 
and  the wooded ranges that form the boundary of the basin have sum- 
mits of from 800 to 1,600 feet in  height. I t  was considered, that 
the rainfall, available for the supply of the reservoirs, might be safely 
assumed at six-tenths of 124 inches, or 74.4 inches over the area 
of the gathering-grounds. At this rate  the supply, available from 
3,948 acres of gathering ground, would he upwards of six thousand 
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six hundred million gallons ; and  that available from 5,500 acres 
about  nine thousand million gallons. These quantities evidently 
exceed t,he requirements of Bombay for some years  to come. 

The storage capacity of t,he Vehar reservoir, which is fed by 
the  gathering-grounds above  described, is ten thousand eight 
hundred million gallons ; deducting from this the loss fiom evapo- 
ration, which, at 6 inches per month for  the  eight  dry months of 
the year, would amount  to a little more than one thousand million 
gallons, there would remain  nine thousand eight  hundred million 
gallons,  available for consumption. As the annual rainfall on the 
gathering-grounds available for storage, greatly exceeds the 
annual consumption of Bombay, the water will continue to rise 
in the  lake, notwithstanding the  drain of the town, from the com- 
mencement of the rains  until near  their termination ; or say for 
three months, leaving only nine months’ consumption to be pro- 
vided for, until the ramy season comes round  again. Nine months’ 
consumption for a population of 700,000, at the rate of twenty 
gallons per head  per day,  is  rather more than three thousand seven 
hundred million gallons, and  deducting  this from the  storage 
capacity of the lake, less the evaporation, upwards of six thousand 
million gallons, or nearly two years’ supply, would remain in the 
lake  as a reserve. 

When filled up to  the level of the waste weir, the maximum 
depth of the  Vehar  lake  is 80 feet. It covers an  area of 1,394 
acres, and  stands 180 feet above the  general level of Bombay. 
The particulars of the  three dams, by which the water  in the  lake 
is impounded, are  as follows :- 

Dams. Length at treme 
Ex- Extreme 

Height. 

Feet. Feet. 

the Top. --- 
No. 1 835 84 

2 555 42  

3 
, 936 49 

Totals . . 

Earthwork. 1 Puddle. ! Earthwork  IStours.  under ~ Ry$hEIF Total  of Broken 

and  Puddle. Pitching. 

Cubic Yards. ‘Cub.Yards. 

30,910  255,706 

Square Yards. Chbic Yards. Cubic Yards. 

17,797 659 14,717 ~ 121,460 106,743 

8,827 327 10,332  53,949 43,617 

26,993 997 286,616 

406,066 1 55,959 1 462,@25 1 1,983 1 53,617 i 

T h e  principal dam contains a little nnder 300,000 cubic  yards. 
The top width of the embankment No. 1 (which has to carry a 
road) is 24 feet ; that of the two others  is 20 feet. The  inner 
slope of all  three  ebbankments is 3 horizontal  to 1 vertical, and 
the  outer slope 2& to 1. These embankments were specified to  be 
formed in  regular  layers of not more than 6 inches in thickness, 
each properly watered, punned, and consolidated. The puddle- 
walls of all  the embankments are 10 feet wide at  the top, and 
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have a regular  batter on each side, a t  the rate of 1 in 8. The 
trenches for the foundations have been excavated through  the 
surface rock, and past all surface springs, into  the solid basalt 
below. The slopes of all  the embankments, and also the top 
surface, are covered with stone  pitching, at least 12 inches in 
depth,  roughly squared by the hammer, and solidly set by hand ; 
an  additional thickness of 12 inches of broken stone being  laid 
underneath. The pitching of the top surface and of the external 
slopes of the  dams  is necessary to protect the slopes from the 
effect of the heavy down-pour, to which the hill  districts of India 
are subject, during the rainy season ; the duration of the intervening 
dry season being too great to allow of their protection, by means of 
turfing, or vegetation. 

The waste weir is 358 feet in length. I t  has a horizontal  top 
width of 20 feet ; and is faced  throughout with chisel-dressed 
ashlar, set in cement. A breakwater is affixed to the inner 
margin of the waste weir, to  prevent the water  being blown over 
in high winds. 

The water is drawn from the reservoir through a tower, provided 
with four inlets, fixed at vertical  intervals of 16 feet apart.  These 
inlets are 41 inches in diameter, and  are provided with conical 
plug seats, faced with gun-metal. The  three inlets  not  in use 
are kept closed by conical plugs, fitted by grinding.  These plugs 
are suspended exactly over their seats from the balcony above, 
and  are raised, or lowered, at will,  by crane-work at  the top of the 
tower. The inlet in  use is surmounted by a wrought-iron strain- 
ing cage, covered with No. 30 gauze copper wire, and fixed to a 
conical ring, fitting  into the inlet orifice,  in the same manner as 
the plugs, and equally capable of being  raised and lowered at  
pleasure. This strainer presents a surface of 54  square feet. 
The  gauze is  affixed to  the cage, so as to admit of its being 
changed from a boat, when clogged, in  ten minutes after  the  cage 
has been drawn up to the surface--or a plug  may  be  substituted 
for the cage, and lowered to its place  in the same time. A t  the 
bottom of the inlet well, and exactly over the orifice of the supply 
main, another conical seat is fixed, into which a similar straining 
cage (but with No. 40 gauge copper wire, and presenting a surface 
of 90 square feet) is inserted. The water thus passes through 
two strainers, before it  starts for Bombay. The primary object 
of this arrangement was to  obtain,  in the town distribution, the 
benefit of the additional  head of water-due to the  depth of the 
lake, which  would have been lost had  the water been strained (as 
in the more usual arrangement) at  the outside foot of the darn. 
I t  was also thought advisable to avoid the use of such heavy 
sluice-valves as would be  required for closing. inlets 41 inches in 
diameter,  in positions in  which it would be difficult to get at them, 

[1857-58. N.s.] 2 0  
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for the purpose of effecting any necessary repair. Without this 
arrangement,  the utmost head obtainable would have been insuffi- 
cient for a distribution by gravitation alone. 

The  gathering grounds are of basalt. The surface, where not 
covered decply by the waters of the  lake, rises with so steep an 
acclivity, as  to have been long since denuded of any soil that 
could be washed away. The vegetation is  all evergreen, and no 
human  habitation is permitted, throughout  the  entire  area of the 
gathering-grounds. Under t,hese conditions, and also taking  the 
great  depth  and capacity of the  lake into  account, the  Author 
decided  that filtration would be altogether superfluous. For the 
same  reason, a sludge-pipe to drain  the lowest level of the reservoir 
was deemed unnecessary. No considerable deposit is anticipated 
over any portion of the bottom ; the  little  that takes  place will 
probably  be confined to  the head of' the lake, some miles distant 
from the  outlet ; and were it otherwise, a single sludge-pipe could 
have  no  appreciable effect, in keeping down, or scouring off, 
the deposit over au area of 1,400 acres. 

The  Author has always been of opinion, that  there is no engi- 
neering  structure to which an  appropriate  and a t h e t i c  expression 
may not be  given, with economy and  advantage ; and the  design of 
the inlet  tower at Vehar  is  an  attempt in this  direction (Fig. 1 j. I t  
is an example of' the application of a style of architecture very little 
known in England,  but which has capabilities peculiarly adapting 
it to the  architectural  and  structural requirements of a large class 
of modern constructions, especially for those into which cast-iron 
and  glass  enter largely, or for pier-head lighthouses, and  the 
towers of suspension-bridges. But  the application of this  style is 
by no means limited  to structures of cast-iron, for out of the 
infinitely varied, and as yet. almost untouched magazine of orna- 
mental  detail afforded by Indian architecture, rnuch might be 
culled, that would suit  any  material, and harmonize with any 
style. 

The supply main, traversing  the  dam, is 41 inches interior 
diameter, and  the  metal is 1% inch thick. I t  is laid in a level 
trench, excavated in the rock, and filled with concrete. The por- 
tion traversing  the puddle  trench is supported on ashlar masonry, 
set  in cement, puddled t,o a  depth of 6 inches, and  then arcllecl 
over with four nngs of brick in  cement ; two teak-wood washers 
being affixed transversely on the pipes, to prevent any  water from 
passing between the pipes and  the puddle. 

At the sluice-house, situated at  the outside foot of the dam, the 
large main, 41 inches in diameter,  bifurcates into two mains, each 
32 inches in diameter, both of which are eventually  to be con- 
tinued into Bombay ; only one has been laid,  in  the first instance, 
as that suffices for the present  requirements of the population. 
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The  length of the pipe, of 32 inches diameter, between the  Vehar 
Lake and Bombay is 13 miles (i furlongs and 1 GO yards, of which 
the  last 7 ndes  are laid alongside the  Great Indian Peninsula 
K'ailway. The mode of joining  the pipes is shown in Fig. 2. The 

Pig. 2. 

Mode of Joinin:: the I'ipcs. 

supply is distributed  through  the town and  suburbs, by means of 
branch and  street mains, in  the usual manner. The  only pecu- 

Fig. 3. liarity  in  the distribution, is the 
large proportion of the popula- 
tion supplied gratuitously, by 
means of self-closing public con- 
duits (Fig. 3). The design of 
these appliances was, therefore, 
the subject of much considera- 
tion. The pattern finally adopted 
can  be made to close either with, 
or against,  the water pressure, 
by simply taking out and revers- 
ing  the spindle valve ; the counter 
weights admit of being  exactly 
adjusted to the resistance, at the 
various levels of the town, so as 
to leave in  each case, whether 
closing with, or against  the water- 
pressure, just so much  prepon- 
derance as may  be found sufficient 
to close the valves. 

The contracts for the  reservoir 
works in  Salsette, and for all  the 
pipe-laying, were let to Messrs. 
Bray and Champney, of Leeds. 
The pipe contracts were executed 
by Messrs. D. Y. Stewart  and 
Company, of GIasgow. All  the 
larger sizes of sluice  valves, the 

Self-closing Public Couhl i t .  hydrants, and a portion of the 
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special castings, were manufactured by Messrs. Simpson, of the 
Belgrave Iron Works, Pimlico. The sluice valves, 32 inches in 
diameter, are admirable specimens of workmanship. The valve 
is made  in two segments, the smaller one being about one-fourth 
the area of the  larger.  By this arrangement,  the valves are  ren- 
dered capable of being closed, or opened, under the severest 
pressure, with a very trifling  exertion of force. The smaller 
valves are on Underhay’s system, which  possesses the  advantage 
of allowing the valve seat, as well as  the valve itself, to  be removed 
for the purpose of repair, wit,hout disturbing the laying of any 
portion of the mains. The water is delivered a t  Bombay under 
a pressure varying from 165 feet to 180 feet. 

The conditions under which the work had to be executed were 
somewhat peculiar. The want of water was so grievously felt a t  
Bombay, that  the Government and  the public were impatient for 
the immediate completion of the works. But all the pipes and 
machinery had  to  be manufactured at a distance of 15,000 miles 
from Bombay, and  it was a difficult matter to provide shipping 
to a single port,  for so large  an amount of dead weight, within so 
short  an interval. Moreover, it was only during  the eight months 
of the fair season, from the 1st of October to the 1st of June,  that 
work could be  carried on to  any extent in  the interior of Salsette. 
During October and November, while the  ground .was drying up 
after the rains, jungle fever of an extremely  malignant type 
prevailed in that locality, to  an  extent to create a very serious 
impediment to the effective prosecution of any large works. In  
the high country of Salsette,  the rains  are too heavy and con- 
tinuous to allow of any work being carried on while they prevail ; 
and  the  torrent  that often pours down the  gorge of the Goper at  
that season would inevitably sweep away any works, for impounding 
its waters, left in  an incomplete state, when the rains set in, unless 
some provisional outlets were provided for its escape, in some 
other direction. 

It was evident, that,  during the first fair season, the operations 
could not be sufficiently extended,  to allow of the completion of the 
impounding works to the height of the intended waste weir, before 
the  setting  in of the ensumg rains. The excavation for the 
foundations for the puddle walls of the main  dam had to be carried 
through from 15 feet to 25 feet of extremely hard basalt, full of 
fissures, before it could reach the impermeable rock below. And  as 
the bed of the Goper contained water up to the middle of February, 
and  the rock immediately below the surface, in  the  gorge  that 
drains  the basin of the  Goper, was permeated by the infiltration 
of the  entire  area of the basin, it  was certain, that t,he excavation 
would be difficult, and  that a great  deal of water would have to  be 
encountered. These difficulties limited  the height to which the 
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darn could be raised before the  rains  set in ; and  it was, therefore, 
necessary, to provide a temporary escape-weir, by keeping open 
t,be existing  gap in the enceinte of the basin, which it was ulti- 
mately intended  to ciose by Dam No. 2. As the water could not 
escape by this outlet until it had reached the 56-feet contour, it 
was essential that  Dams No. 1 and No. 3 should be carried  to  a 
safe height above this  contour, before the  setting in of the rains. I t  
was, therefore,  stipulated by the Author, in the specifications and  the 
contract deed, that  during  the first. fair season's operations, Dams 
Nos. 1 and 3 should be raised to  the height of the 70-feet contour; 
the  site of Dam No. 2 remaining untouched, until  after  the first 
rains,  to serve as a temporary escape weir. By this plan, the 
water falling during the first rains,  occurring after  the commence- 
ment of the works, were impounded in the reservoir to  the height 
of the 5G-feet contour. It was  specified, that the laying of t,he 
conduit pipe should be simultaneously proceeded with, so as to 
render  the water, so impounded during  the first monsoon, avail- 
able  to  the wants of Bombay, during  the ensuing dry season, and 
that by the  termination of the second fair season, on the  7th of 
June 1858,  all  the works, including the town distribution,  should 
be fully and satisfactorily completed. 

These  arrangcment,s have in all essential points been success- 
fully carried out. The dams were just completed, to  the  height 
required  to insure safety, before the  setting in of the first monsoon ; 
the rainfall of which first monsoon was thus impounded and  stored 
to the %-feet contour;  and the works will be in a complete state 
to receive the rains, commencing in June next, by  which rainfall 
the  lake will be filled to the waste weir, and  its surface  extended 
over an  area of 1,394 acres. 

The only contretemps that  has occurred has been occasioned by 
the difficulty experienced, especially since the commencement of 
the Indian mutiny, in providing shipping for the pipes, with 
sufficient rapidity, but the effect of this  delay will be merely to 
retard  the completion of the detailed  distribution  in the town to 
some weeks beyond the specified date, which, as such delay will 
operate  during  the rainy season, when water is only too abundant, 
will he attended by no  practical inconvenience. 

Much difficulty was experienced  in raising  the principal dam  to 
t,he height  required  to  insure safety, before the  setting in of the 
first monsoon, June 1837. The Contractor bad  arrived at Bom- 
bay at the commencement of the fair season of 1856-57, but  the 
locality and the season were so unhealthy, that  the works at  the 
reservoir could not be commenced in  earnest, before the beginning 
of December  1856.  On  the  15th of that month, there were, how- 
ever,  upwards of two thousand men employed in the excavation of 
the  trench for the conduit pipe, and fifteeu llundred men and one 
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l~undred  and seventy carts on the principal dam a t  Vehar. The 
excavation for the puddle wall already occasioned much  anxiety, 
from the  hardness of the rock, and  the volume of the surface 
springs, which  were formidable obstacles to the progress of the work. 
These difficulties increased as  the excavation proceeded, until the 
engine-power employed was barely sufficient to keep down the water. 
A thoroughly  impermeable foundation for the puddle wall  was not 
attained, throughout its  entire length, until the commencement of 
March, or very close upon the rainy season; so, that  the Kesi- 
dent Engineer’s bi-monthly progress reports were most anxiously 
looked for by the Author.  All difficulties were, however, sur- 
mounted, by the ability of the  engineering staff, and by the energy 
of the Contractor. On  the  lGth of June  the  dam  had  reached 
the  height  required  to insure safety, although the  rains  had 
commenced five days earlier; but that still  left a considerable 
margin for safety, for the rainfall had to fill the  lake  to  the 56- 
feet contour, before any  damage could be occasioned to the 
dam, and  the main-pipe, of 41 inches diameter, was all  the 
time discharging a river of no contemptible volume. Notwith- 
standing this, the  rainfall of two days, the  22nd  and  23rd of 
June, on a gathering-ground of 4,000 acres, sufficed to add one 
million two hundred thousand  gallons  to the contents of the 
reservoir. As soon as the  water  had  attained  the level of the 
5G-feet contour, and escaped freely through  the  gap  in  the hills, 
which served as  the temporary waste weir, measures were taken for 
closing the pipe, of 41 inches diameter, and for retaining  the water 
in the reeervoir, to  meet the requirements of Bombay, during  the 
ensuing dry season. 

Since the termination of the  last rains, the level of the  lake  has 
kept up remarkably well, its surface not having lowered more than 
G inches per month. This loss is  stated to be  principally due to 
leakage through the temporary plug, by which the conical orifice 
of the pipe 41 inches in  diameter is at present closed. No leakage 
whatever is percept.ible through  either of the dams. The small 
amount of this monthly loss proves how inapplicable the result of 
observatory  experiments on evaporation, on a small scale, are to 
the circumstances of a large body of water,  such as that consti- 
tuting  the  Vehar  Lake. 

On the  9th of January  last,  it was reporkd,  that all the pipe- 
laying could be completed in six weeks, provided the  remainder of 
the castings had arrived, and these were then over due, and were 
daily expected. The works of the reservoir were then proceeding 
at  a rate which left. no doubt of their being altogether completed in 
the course of the present month (May, 1858). At  the date of this 
report  thcrc were upwards of eleven tllousand lne11 employed 011 

t,he works. 
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When  the  late mutiny broke out, all  the  other public works, in 
course of construction by the Government of' India, were ordered 
to be stopped, and  the solitary exception made has been the Bom- 
bay Water Works. In  the execution of the works, great  credit is 
due  to Mr. H. Walker, who has ably filled the office of Resident 
Engineer,  and who carried out the Author's plans to his entire 
satisfaction. 

The  Paper is illustrated by a series of drawings and,diagrams, 
from which Plates 12 and 13, and Figs. I, 2, and 3, have been 
compiled. 

[Mr. CONYBEARE 
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